The plaque.-Observations on the bacterial plaque on enamel and exposed cementum were described. It was noted that the plaque flora showed a rather constant type of organism which morphologically is a Gram-positive beaded or coccoid rod or filament according to size, resembling the lactobacillus (Hadley et al., 1930; Morris, 1953) . Coccal or streptococcal bacteria were also common. No morphological feature distinguishes the plaque of the early caries lesion. It is important not to confuse V-shaped developmental defects infested with bacteria, with areas of invasion ( Fig. 2B) (Hodson, 1953d) . The concept of a healthy secondary cuticle on exposed tooth surfaces is deemed fallacious. From the material studied, it was concluded that the keratinized, so-called secondary, cuticle offers no material protection against caries, either in the initial decalcification stages or the subsequent stages of bacterial penetration.
The enamel.-The following is a brief resume of the main changes in the enamel prior to bacterial penetration. The earliest sign of beginning destruction is a white opacity on the enamel surface, which shows a decrease in calcium concentration, an increased permeability, and a decrease in hardness. The lesion then changes in colour, varying from yellow to brown, apparently due to environmental pigments. These colour changes also affect the enamel matrix, which in bulk appears yellow or brown, and are associated with a resistance to solubility in acid. Depending on the stage and rate of progress, the matrix may also show an apparent increase in organic content and staining properties. This occurs in caries of both normal and hypocalcified enamel (Figs. 1 and 2). I have used the term consolidated matrix, originally used by Bibby (1932) to describe this appearance ( Fig. 1, E, Fig. 2, D) . It was first noticed by Malleson (1925) and Bodecker (1927) and in recent years by Hardwick and Manley (1952) and Hodson (1953a) . Its nature appears to be partly changed enamel keratin and partly additional environmental protein. The area of matrix consolidation does not necessarily coincide with or indicate the extent of the area of demineralization. AUGUST This latter process occurs first and, significantly, appears to cause little or no observable change in the matrix, using routine stains. The consolidated matrix is diagnostic of a previously demineralized enamel. Non-consolidated matrix, however, does not necessarily indicate that the enamel prior to histological decalcification was normal.
Examination of undecalcified and histological decalcified sections of the same caries lesion, shows the important fact that the enamel can be demineralized and the process continued for some distance into the dentine, without any bacterial penetration ( Figs. 1 and 2) . The apparent structural integrity of the matrix in such areas indicates the unlikely occurrence of internal enzymatic degradation of enamel protein to produce sufficient acid to demineralize the area. The microscopical appearances therefore give strong support to the known properties of oral and plaque organisms in producing a demineralizing acid from environmental carbohydrates. At any time during the demineralization stages a cavity may be produced, or the surface of the considerably weakened enamel fractured or abraded by any of the forces normally present in the mouth. Bacterial penetration of the enamel.-The absence of bacteria in normal calcified enamel suggests that they do not invade this substance. Bacteria may, however, be found in developmental defects and pre-and post-eruptional cracks. Where bacteria appear to invade the enamel substance, it is invariably in a previously demineralized area. Histological sections show that this apparent invasion takes various forms, the picture in any particular specimen depending on the stage, rapidity and location of the caries lesion. In the slow, chronic type of caries, as exemplified in the brown proximal lesions showing marked consolidation of the enamel matrix, parts of the plaque appear as though the bacteria were eroding the enamel rods. This is also seen in the enamel of cavity walls (Fig. 3) . It apparently always occurs in enamel showing consolidation of the matrix. This appearance of erosion, however, is probably more accurately explained in terms of bacterial alignment 9 Section of Odontology 643 on the ends of fractured rods (cf. Figs. 3 and 18). Islands of matrix seen in surface and cavity bacterial masses almost certainly get there by fracture ( Fig. 7) . The penetration of bacteria from the cavity or surface plaque described in the literature as inter-rod penetration, is, in my view, via fine fractures between the enamel rods, and not invasion of inter-rod substance (Fig. 7, cf. Fig 17, E) . In cross sections of the enamel rods, these bacteria-filled tracts are crescent-shaped and often wider at the site of commencement ( Fig. 15 ). Bacteria are not commonly found within the rods of heavily consolidated enamel matrix.
Partially demineralized enamel is weak, and mastication and other forces, especially on the occlusal surface, often fracture it and dislodge large fragments, with the result that the plaque enters these spaces, and, given the same conditions as were present prior to the dislodgement, a greater area for demineralization is opened up. The observation that in vitro acid lesions almost invariably produce fractures, suggests that it is probable that spontaneous fracture, due to the release ofintrinsic forces during the cariogenic decalcification, may also occur. In rapid or acute caries where consolidation of the matrix is much less apparent and presumably has not had time to develop, bacteria are more commonly found within the enamel rods. This suggests that they enter the rods under such conditions more readily.
It is interesting that such areas are more frequently found within the body of the enamel, i.e. away from the surface where consolidation changes commence (see Figs. 4 and 5) . Such bacteria-filled rods tend to be disorganized by mastication and possibly by spontaneous disruption by the caries demineralization process. Where the demineralization has reached to the dentine, the shrinkage which takes place may contribute to the dislocation of the weakened enamel above it. Histological sections of such material, unlike those of heavily consolidated enamel matrix which is fairly easily decalcified and sectioned, show that bacteria-filled rods are easily disrupted, leaving a somewhat distorted mass of rods and bacteria, a picture conveying the impression of lysis of the matrix. In good longitudinal sections, the outlines of the bacteria-filled rods can be identified. There is, however, little evidence to suggest that the matrix has in fact undergone liquefaction. Fig. 4A shows the cut surface of a white and brown caries lesion with intact outer surface on the proximal surface of a young lower molar. Fig. 4B , a decalcified section from the same specimen, shows an inner bacterial mass and an outer area of consolidated enamel matrix. Serial sections showed that the bacteria entered the internal demineralized area via a lamella. The bacteria have probably entered the "spaces" in the extremely fine rod "reticulum". This latter, as seen in Fig. 5 , which needed heavily staiming with Heidenhain's himatoxylin to show it, is much more lightly consolidated than the surface areas. Since it is difficult to demonstrate this matrix at all, even though somewhat consolidated, the sectional appearance of such matrix, heavily infested by bacteria, is unlikely to show evidence of proteolysis. This may be assumed, but I feel that the appearances are more logically explained in terms of infestation of demineralized enamel matrix.
In normal enamel with developmental or post-eruptional cracks which have been filled with organisms from the plaque, no invasion into rod structure would seem to occur except where these avenues are in a previously demineralized area. No case has been found where the origin of a demineralized area could be attributed to the site of one of these bacterially infested channels. My investigations show that the role of lamellia in caries is one of extension of cariogenic acids from ectiologically unrelated surrounding lesions which involve the lamelle, and the infestation by bacteria in the lamelke, of the demineralized area in advance of the plaque. In other words, a lamella is concerned with the spread and infestation of a caries lesion which arises independently of it.
The question of the susceptibility of hypocalcified enamel to caries has been studied in some detail. It has been demonstrated above that immature enamel in the early phase of caries can be demineralized without bacterial invasion and shows similar consolidation changes to those in caries of normal calcified enamel. In vitro studies of acid lesions show that immature enamel is more quickly decalcified than normal enamel and cavitation occurs earlier. It is believed that this more rapid process to which trauma is added occurs in vivo. Sections of carious hypocalcified enamel (Figs. 6-9) show a more extensive penetration by bacterial tracts or channels. These latter are without doubt bacteria-infested cracks. Certain exceptions will be noted later. It is of importance to note that these cracks sometimes may extend beyond the area of consolidation of the matrix and, as shown in the superficial cavity in Fig. 8 , may reach to the dentine. While I agree with Hardwick and Manley (1952) that most of these cracks occur in previously demineralized enamel, the latter may not necessarily be consolidated.
The origin of bacteria-filled channels is not, however, as simple as would appear, since in certain areas, more especially in immature enamel in groove and hypoplastic lesions, similarly shaped tracts are frequently found in unerupted teeth, and obviously arose during development. Many of these are of crack origin (Hodson, 1953b) but where they have become filled with bacteria after eruption, either with or without a surrounding carious lesion, distinction from a post-eruptive crack, or in the former case, a caries crack, may be extremely difficult.
It would appear that bacteria can infiltrate into demineralized enamel (especially via further fractures) from these tracts and set up foci of bacterial masses and disorganized rods. Dense, highly organic enamel rods or parts of rods are, however, not invaded by bacteria. There seems no good evidence that bacteria can infiltrate poorly calcified enamel without previous demineralization. The presence of bacteria in non-carious hypocalcified enamel is found to be in sites of hypoplastic areas and tracts and pre-and post-eruptive cracks. In other words, as stated above, bacteria do not enter the substance of either well-calcified, or poorly calcified enamel. . The common occurrence of immature enamel in groove areas, especially in sites with hypoplastic defects, in association with a constant and undisturbed bacterial plaque, may account for the greater rapidity and high incidence of caries in such areas.
In the bacterial penetration phase of caries of the enamel, there is the same predominance of beaded or coccoid rods and coccal and streptococcal forms as is observed in the surface plaque.
Dentine.-Where carious demineralization reaches the amelo-dentinal junction, the most significant feature is the shrinkage of the dentine away from the enamel. It is possible that, as mentioned above, this may assist in the dislocation of the softened enamel above it (Fig.  4 ). It is also significant that in the early stages of demineralization of the dentine, no apparent structural changes are seen. Invasion of the tubules occurs wherever organisms reach the dentine from outside, pioneering organisms passing apparently down the tubule in the line of the dentinal fibres. In grossly demineralized areas, horizontal and longitudinal cracks in the matrix appear, and these become filled with bacteria and debris. Lysis of the matrix from both cracks and tubules appears to take place and histologically appears more "real" than in the enamel, but this apparently takes place only in the demineralized area. It should be noted that experimentally only dentine has been shown to undergo liquefaction by some oral organisms. The cracks are probably caused by the demineralization process and possibly some trauma.
At the dentinal end of lamelle in normal teeth, a wedge-shaped area is frequently found, in which are many bacteria. I now believe these to be infested cracks and not wedges of carious dentine. In some cases the appearances are merely those of one or more infected tubules.
Cementum.-Bacteria from the root plaque may be found penetrating the cementum, often parallel to the enclosed fibres. It is possible that the bacteria enter fine splinter lines parallel to the cemental fibres and caused by the caries decalcification. Cementum caries usually appears as a slow disintegration or erosion of the cementum nearest the plaque, the invasion and apparent lysis taking place subsequent to demineralization.
Enamel caries in an "unerupted" molar.-Although no obvious opening into the mouth was observed and no gross pus was present, the finding of a microscopic fragment of vegetable particle in one groove area showed that an opening was or had been present. The tooth was a second lower unerupted molar which was impacted against an unerupted third molar in a male, exact age unknown, but probably between 20 and 30 years.
The second molar showed bacterial invasion of the grooves and some, but not all, of the hypoplastic lesions and lamelle-only the enamel was investigated. The two predominating types, which varied in distribution in the same and different grooves, were streptococci, often single, and Gram-positive rods with small coccoid bodies, similar to those seen in the plaque and caries lesions in erupted teeth.
In one area containing immature enamel, bacteria were present in the line of the rod cortices, forming arcades ( Fig. 10 ) and simulating infected cracks in enamel caries, especially in consolidated enamel. In this area, however, which was a groove area, these tracts resemble certain tracts between rods arising during development. The appearances here therefore could be those of bacterial infestation of these previously existing tracts. It is noteworthy that the bacteria were limited to these avenues although the surrounding matrix was highly immature. In another groove area, where Gram-positive cocci predominated, bacterial invasion of the immature matrix was found (Fig. 11) . Typical, bacteriafilled-crack extensions from the lesion, surrounding and isolating islands of matrix, were also seen (Fig. 11, G) .
The pattern of the lesion is clearly that of a carious lesion. The poor Gram-positive staining properties of much of the bacterial mass in the invaded area suggested dead organisms.
The non-invaded part of the immature matrix and an adjacent non-invaded area near the same groove (E in Fig. 1 A) stained slightly orange with eosin, whereas the immature matrix in other parts of the specimen stained pink. This suggested that the matrix had undergone some change prior to bacterial invasion. It is possible that this change was an early consolidation change and, if so, it would indicate acid demineralization. No similar changes were observed round the bacterial arcades or lamella in the hypoplastic lesion.
Bacterial invasion of enamel, dentine and bone in a case of oral ulceration in pink disease.-In this case, certain features were observed with regard to the plaque organisms and bacterial invasion pattern in enamel, dentine and bone which throw some light on the histopathological picture of the destruction of the hard tissues in caries, more especially the enamel.
In brief, a male child, aged 1 year 11 months, had been ill for three months, suffering from what was clinically diagnosed as pink disease. He died five days after admittance to hospital, from pulmonary embolism. The child was markedly wasted and had a rash, with peeling of fingers and toes. Teeth were being exfoliated and traumatic ulcerations in the mouth were caused by the child in an effort to allay the irritation. In this way the partly developed mandibular right central and lateral incisors were partly exposed to the mouth (Fig. 12) . The enamel appeared intact, hard but white and not fully calcified. The case represents to some extent an in vivo experiment showing the effect of exposing bone and partly formed teeth to the action of the mixed oral flora and traumatic forces. Microscopic examination showed some necrosis of gingival tissue, and massive bacterial penetration of soft tissues, dental tissues, including the pulps of the permanent incisors, and bone, including their canals, lacunae and Howship's resorption lacun-. Inflammatory cells and areas of necrosis were also present.
In the interpretation of certain aspects of this case, the possible effect on the tissues and oral flora of stagnating food, and the presence of inflammatory exudate and enzymes, must be borne in mind. The permanent tooth germs and some of the bone were dead (as in in vitro caries experiments). Trauma by the child was a prominent feature. It should also be noted that in the sections, acid solubility of the enamel does not indicate that calcification was complete (Hodson, 1955) .
Organisms in the soft tissues.-There was a striking predominance and almost pure "culture" of two morphological types of Gram-positive organisms-streptococci, single and 11* in chains, and bacilli ranging from short beaded or coccoid rods to larger or filamentous forms with coccoid bodies. The rods conformed to the descriptions of lactobacillus, given by Hadley et al. (1930) , but distinction from streptococcal forms was frequently not possible.
The enamel matrix of the partly exposed permanent incisors.-The most striking feature was the presence of bacterial masses or plaques over various areas of the enamel surface (Figs. 13, 14, 17) . In some areas, the classical palisading arrangement was present and composed chiefly of coccoid rods. In other areas, single and chained streptococci were also present. Fig. 12, showing bacterial plaque on enamel (A) and dentine (B) and bacteria-infested cracks (C) (cf. Fig. 9 ). The enamel matrix, at various stages of maturity, showed apparent "invasion" by bacteria, mostly in the form of crescent-shaped tracts (Figs. 1SA and 17A ) when the rods were cut transversely, and an illusion of being within rods, when cut longitudinally (Fig. 14) . In the incisal area of the central incisor, the apparent invasion was massive, and here the bacteria had reached the dentine via the tracts, and perhaps by a dislocation of the enamel crown by the child. It was less extensive in the lateral incisor.
One or two long tracts only partly filled with organisms resembled lamell-. Bacteria were also present in the central area of the enamel tufts which were cut parallel to the dentine.
Except for the tufts and lamellk, the bacterial penetration, which I believe to be entirely traumatic in origin, so resembled the bacterial invasion phase of caries, that a study of its pattern throws considerable light on this problem. Firstly, the apparent invasion of the enamel rods as seen in longitudinal sections in this case (Fig. 14) Fig. 3 ). Stained H. and E. x 674. C=Immature matrix. D=Bacteria in area of dislocated matrix. the area is actually the appearance in this plane of bacteria-filled cracks between the rods. This illusion in connexion with lamelle has been described elsewhere (Hodson, 1953c) . Although splits across rods do occur, they are more commonly between rods. In a longitudinal histological section, the enamel rods are often superimposed on the bacteria-filled fracture which may not be as thick as the diameter of a rod. Such an appearance may be seen in longitudinal sections of bacterial infestation of demineralized carious enamel and I consider it to be one of the greatest illusions in the histology of enamel caries. This can be quite easily proved by following any bacterial tract from cross cut to longitudinally cut rods (Fig. 16) . Frisbie et al. (1944) , in some of their descriptions and illustrations, have been misled by this appearance. Secondly, whilst the appearance of bacteria in the outer rod cortex or sheath area, especially on one side, as seen in perfect undistorted transverse sections (Fig. 1 5A) , could be interpreted as bacterial penetration in the more organic substance of this area or evidence of bacterial penetration of hypocalcified enamel, careful assessment of the traumatic and other factors present in this case, and close scrutiny of the pattern of the tracts, leaves little doubt that they are due to bacterial penetration of fine fracture lines. Their similarity to the crescent and other shaped tracts filled with bacteria, seen in carious L enamel ( Fig. l 5B) , supports the view that these latter are of similar atiology and not pioneering organisms entering enamel substance, or tracts produced by lysis of the matrix. There were also present in the surface areas in this case, islands of matrix separated by bacteria-filled channels, and, in some cases, within bacterial masses. These channels are also of traumatic origin. It is suggested that this offers an explanation of this feature in caries. Fig. 17 shows two areas in the cervical immature enamel cut transversely and longitudinally, in which surface fractures have been filled with bacteria. The larger area F in Fig. 17B is a bacteria-filled space due to dislocation of the enamel rods. In Fig.17A , islands of matrix (D) and individual rods (E) have been dislocated and the surrounding spaces filled with organisms from the surface plaque. In Fig. 13 , the thinner enamel towards the amelo-cemental junction has fracture tracts reaching in some cases to the amelo-dentinal junction (cf. caries fracture in Fig. 8 ). In none of these cases is there any evidence of bacteria within the enamel rods or inter-rod substance.
In some areas of the surface enamel, the ends of the rods were irregular and heavily contaminated with bacteria. When compared with other areas showing fractured rod ends without bacteria, it was clear that they were merely fractured rod ends infested with bacteria and not, as at first supposed, eroded rods as part of a slow proteolytic destruction. Figs. 18 and 3, of infested rod ends in a traumatic lesion and a carious lesion, show a basic similarity strongly suggestive of a common aetiology.
The dentine of the exposed permanent incisors.-The predominant organism in the pulp chamber was the streptococcus, but in some areas a change in the morphology of the organisms was present as the pulpal surface of the dentine was approached. These organisms were morphologically identical with the beaded rods described in connexion with the enamel. At some places on the pulpal surface of the dentine, a quite dramatic picture of an almost pure "culture" of the rods was seen tenaciously attached to the dentine and arranged in striking palisade formation (Fig. 19) . The obvious question regarding the bacterial flora here, as well as on the enamel, concerns the possibility that the coccoid rods were related to the streptccocci.
Bacteria had invaded large numbers of dentinal tubules, sometimes reaching to the amelo-dentinal surface, but no evidence could be found of lysis of tubule walls. However, there was evidence suggestive of at least a minimal lysis of the dentine matrix in some areas, involving the predentine and dentine at the pulpal end. The apparent lysis in these situations was of the nature of eroded surfaces similar to cervical and root caries in the adult.
While no invasion of intertubular matrix was present in the body of the dentine, in some places organisms had entered interglobular calcification defects from the infested tubules. This might suggest that uncalcified dentine could be invaded and perhaps digested by the bacteria. Elsewhere, areas showed merely infested cracks in the dentine.
Bone.-The two most striking features were the presence in many areas on the surface of the bone of a similar palisading plaque to that previously described ( Fig. 20) and apparent extensive penetration by dense bacterial masses (Fig. 21) . This, however, was without doubt infestation of fracture spaces. In some areas the appearances suggested that the bone was being eroded by the bacterial plaque. These sites were comparable to the picture of erosion of cementum in root caries or even dentine. In some areas cocci appeared predominant in the areas of erosion and invasion of bone fracture areas. Here the similarity of wedge and spear-shaped cracks filled with bacteria to those in the dentine at the end of lamellk, offers further support for the crack origin of the latter. The presence of single lines of coccal bacteria, apparently within the bone matrix, is due to infestation of fine splinter lines and not invasion of bone matrix. It is possible that the so-called invasion by bacteria in cemental caries, is of a similar nature. An attempt has been made to clarify the interpretation of the histopathological picture of the caries lesion, particularly in the enamel. The appearances observed have been examined in the light of the known properties of the bacterial plaque, the forces continually present in the mouth and the structural characters of the enamel. The apparent structural integrity of the enamel matrix and in the early stages, the dentine matrix, in association with the loss of calcific material and the absence of bacterial penetration, is in full accord with now almost conclusive data showing that dental caries is primarily an acid demineralization of the teeth, due to bacterial degradation of environmental carbohydrates. Regarding the possibility of a dual process, there is no indication that caries may, under certain conditions, or in certain areas, be proteolytic in origin.
In the enamel, evidence has been shown that the bacterial invasive phases are largely in sites of fracture and dislocation of the enamel rods due to trauma and also forces associated Section of Odontology 651 with the demineralization process (e.g. gas, shrinkage, &c.). Support for these views has been found in two cases, one showing infestation of cracks extending from a carious lesion in an infected unerupted tooth, and the other in a case of bacterial infection of exposed developing teeth and bone associated with severe external and occlusal trauma (manual and teeth grinding). The similarity of the enamel lesions in this case to those in the bacterial penetration stages of caries seems to be significant.
The strengthening, as it were, of the fragile enamel matrix by the consolidation process after some demineralization, must be viewed in the light of a somewhat slow process.
Bacteria do not seem easily to penetrate demineralized consolidated rods in caries areas. In acute caries with rapid demineralization and spread of bacteria in extensive tracts, the entry of organisms into the open "reticulum" of the rod, and infestation of collapsed and fractured matrix, offers a more likely explanation than lysis of what is known to be a highly resistant keratin.
The widely accepted belief that immature enamel is more susceptible to bacterial penetration and proteolysis, is not supported. Indeed, bacteria do not appear to enter highly immature matrix, but in sites of fractures and developmental defects. The similarity of the consolidation changes to those in normal matrix in the absence of bacterial penetration suggests that, like normal enamel matrix, it is not susceptible to enzymatic hydrolysis. Its more rapid demineralization and consequent susceptibility to dislocation accounts for the evidence that it is more easily destroyed in a caries environment.
